The exergetic performance of roughened solar air heater has been predicted using Artificial Neural Network (ANN) model. The exergetic values have been worked out from the data collected by conducting experiments on solar air heater having transverse wire ribs roughened absorber plate with relative roughness heights 0.009571, 0.01400, 0.017142 and constant relative roughness pitch 10, at local weather condition of Jamshedpur (22.77 o N & 86.14 o E), India. ANN model was structured with seven input parameters such as experimental time, solar radiation intensity, roughness size, atmospheric temperature, mean air temperature, absorber plate temperature and mass flow rate of air in input layer, and five parameters such as exergy inlet, exergy outlet, exergy efficiency, exergy destruction and improvement potential in output layer. Levenberg-Marquardt, Scaled Conjugate Gradient and Polak-Ribiére Conjugate Gradient learning algorithms have been used for training the proposed model. The Levenberg-Marquardt learning algorithms with 7 neurons in hidden layer is found as optimal on the basis of statistical error analysis. The value of R 2 for predicted model of exergy outlet, exergy inlet, exergetic efficiency, exergy destruction and improvement potential were 0.99584, 0.99997, 0.99517, 0.99997 and 0.99983 respectively , which gives the satisfactory performance of ANN model. The values of MSE, COV and MRE are found to be very low for predicted values of exergetic performance parameters which are desirable. The statistical results exhibit that the proposed MLP ANN model successfully predicts the exergetic performance of roughened solar air heater Keywords: Solar air heater, Exergy Analysis, Artificial Neural Network, Learning algorithm, Multi-layer perceptron Highlights:  ANN model has been used to predict exergetic performance of roughened solar air heater.  LM, SCG and CGP learning algorithm is applied for training.  Best results are being observed for 7 neurons in hidden layer with LM algorithm.  Comparison with statistical results demonstrates effectiveness of the proposed ANN model of solar air heater. .
INTRODUCTION
Energy plays an important role for economic growth of a nation. The fossil fuels are limited and are getting exhausted day-by-day, so it is necessary to develop alternative sources of energy. Among various types of renewable sources of energy, available on the earth, solar energy is one of the most abundant and clean source of energy. There are two ways of solar energy utilization: active and passive. Solar air heater (SAH) comes in the category of active solar energy utilization. In the solar air heating system the solar collector or absorber plate is main component which collects the solar radiation in the form of heat and transfers it to flowing air across it. Due to lower value of heat capacity and low thermal conductivity of air, the convective heat transfer coefficient between absorber plate and the air passing through it is low, and hence the major issue is to enhance the value of heat transfer coefficient. One of the best techniques for enhancement of heat transfer coefficient is to use artificial roughness on airflow side of absorber plate. The use of roughness creates turbulence near the surface of absorber plate which increases the heat transfer coefficient. The actual performance of SAH can be evaluated by the implementation of both the energy and exergy analyses. The energy analysis alone does not give the direction of the process implementation and the information about the quality of various kinds of energies involved in the system. It also does not indicate the various internal irreversibilities. These problems are overcome by using exergy analysis [5, 8] . In view of this, in the present investigation the exergy analysis of roughened SAH has been carried out.
Recently, many researchers have studied the thermodynamic analysis of SAH. Kurtbas and Durmus [6] performed experiments with five types of SAHs with different absorber surface and evaluated thermal efficiency, exergy loss and pressure drop with change in Reynolds number. Ajam et al. [7] formulated the exergy efficiency equations and implemented MATLAB software for optimum performance of the system. Gupta and Kaushik [9] studied the energetic performance of SAH. They calculated the optimal value of performance parameters of a flat-plate solar air heater for the maximum exergy delivery. They also concluded that, at low mass flow rate maximum exergy output is obtained when the temperature of inlet air is low. Esen [10] conducted experiments of double flow solar air heater under various operating conditions using four types of absorber plates and determined the energy and exergy values. Saidur et al. [11] studied on energy and exergy analysis of various solar energy systems and concluded that exergy analysis is necessary for examining the system performance. Panwar et al. [12] reviewed the concept of energy and exergy for solar dryer. Yadav et al. [13] evaluated exergetic efficiency of SAH with arc shaped protrusions on absorber plate. Yazdanpanahi et al. [14] investigated the exergetic efficiency of a solar photo voltaic thermal (PVT) water collector on the basis of exergy loss. Hedayatizadeh et al. [15] carried out and investigated exergy loss based efficiency optimisation of a double pass v-corrogated plate solar air heater. Sahu and Prasad [16] carried out an exergetic analysis of SAH having arc shape wire roughened absorber plates.
ANN is one of the most used soft computing techniques available for the analysis of thermal systems. It is used for optimization, modeling, simulation and estimation to solve complex problems which are difficult to solve by other conventional techniques. The use of ANN technique saves time and also provides key information patterns in a multi-dimensional information domain and, therefore, it has been becoming increasingly popular in Science and Engineering sectors. It has wide applications in the field of thermal engineering specially for prediction of performance of thermal systems including the solar energy systems. Many researchers have used ANN in recent years [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .To evaluate exergetic performance of a SAH from the actual experiments takes more time and also is more costly. In addition to this, solution of governing equations by adopting numerical methods requires huge and complex computer codes. To avoid these problems ANN method is used. The qualities of ANN technique are to identify and classify network activity based on limited, incomplete, noisy, dynamic and nonlinear data sources.
From the above literature review, it is found that the ANN technique has been mostly used for thermal performance analysis of solar air heater, but exergetic performance analysis of such systems using ANN model has not been done so far. In view of this, in the present work ANN model has been developed to predict exergetic performance of SAH by using actual experimental data and the calculated values of parameters. Total fifty data sets have been obtained by conducting experiments on three geometries of transverse wire rib roughened solar air heaters. An ANN model by taking seven neurons in input layer and five neurons in output layer has been developed. Three different types of training functions such as Levenberg-Marquardt (LM), Scaled Conjugate Gradient (SCG) and Polak-Ribiére Conjugate Gradient (CGP) have been used to obtain best network for prediction of output parameters. Seven neurons in hidden layer with LM learning function are obtained as an optimal topology. Statistical error analysis has been performed for predicted values of exergy performance.
MATERIALS AND METHODS

Experimental system and data collection
The experiments have been conducted at Jamshedpur (India), having latitude and longitude of 22.77 o N & 86.14 o E. In Fig.1 the diagram of experimental system has been shown. It consists of an artificial roughened SAH with inlet section, test section, exit section and connected to a GI pipe which is equipped with flange coupling, orifice plate, U-tube manometer, thermometers, suction blower, valves and variac transformer. The solar radiation intensity was measured by a pyranometer (Fig.2 ). In the present work, the SAH duct length is 168 cm, width is 28 cm and height is 4 cm. Photographic view of absorber plate is shown in Fig. 3a and its detailed diagram is shown in Fig. 3b , which is made of 1mm thick GI sheet. A 4 mm glass cover has been used in this system. The experiments have been conducted on three different types of roughened absorber plates. The detail specification of roughened absorber plate is given in Table. 1. The GI pipe, connected to air heater duct, is of 3 inch diameter. To measure the mass flow rate of air, varied from 0.0235 -0.0270 kg/s. through the SAH, an orifice meter was fitted to the pipe. The pressure drop was measured by using a U-tube Manometer, fitted across the orifice plate. A 2 HP -3 phase suction blower was used to allow ambient air through the SAH duct. The intensity of solar radiation was measured with digital pyranometer. For measuring the temperature at various locations of plate and also air temperatures at inlet and outlet of collector duct, digital thermometers were used. The experiments were conducted in clear sky days in the month of February, 2014 and data were recorded from 10:00 to 14:00 hours for six days. Total fifty sets of data were collected for three different specifications of roughened absorber plate on the basis of roughness height (e), relative roughness pitch (P/e) and relative roughness height (e/D).
The uncertainties occurred in measurements of parameters were calculated by using equation [28, 34] given below and have been presented in Table 2 
Exergy analysis of a solar air heater
The analysis of exergy of a system is the most useful concept for optimal use of energy.
This analysis can be used to design thermal systems and to make plans for their efficient operations. The exergetic efficiency of a system is the ratio of exergy gained by the system to exergy input to the system. The following assumptions have been imposed in the present analysis: (i)
The system works under steady state condition. (ii) KE and PE are negligible. (iii)
Chemical and nuclear reactions are negligible.
(iv)
Specific heat of air is constant and can be considered as an ideal fluid.
The heat transfer to the system and work transfer from the system are positive. In general, energy and exergy balance equations in rate form with negligible kinetic and potential energies can be written as [5, 10, 33] :
. .
The Eq. (5) can also be expressed as:
Using Petela theorem, heat Ex  can be given as
And the specific exergy at inlet and outlet can respectively be given as:
The external loss term in Eq. (6) is calculated by using following equation [14, 15] :
From Eqs.(7), (8) , (9) and (10) 
The changes in enthalpy and the entropy of the air can be given respectively as: ( )
Putting Eqs. (12), (13) and (14) in Eq. (11) 
The exergetic efficiency of SAH can be formulated by the ratio of net exergy output of the system to exergy input of the system.
Van Gool [32] introduced a term called 'Improvement Potential' which is based on concept of an exergetic analysis for various processes or systems. This 'Improvement Potential' is expressed as follows [33] :
(1 )
Artificial Neural Network(ANN)
Artificial neural network works like a human brain which consists of a large number of solving units interconnected in a massively parallel structure. Because of its fast computing speed and satisfactory results, it is widely used in artificial intelligence applications in the field of engineering, mathematics, energy systems, medicines, economics, etc. This is used not only
in estimating, but also in optimizing and learning processes. Now-a-days, ANNs can be used to solve complicated problems which are difficult for solving by conventional methods [17, 25] .
Fig. 4. Basic structure of an artificial neuron
ANN is a computational tool which works like a human neural system. It is a complex information processing system, which is structured with interconnected segmental processing elements called as neurons. These neurons find the input information from other sources and then perform generally a non-linear operation on the results and give final result as output. ANN works in two ways, first learning and second storing the knowledge in interconnects called weights. ANN can be used to estimate the values on the basis of input parameters, optimum topology and training processes. In feed forward networks (Fig. 4) , each product of input elements and weights are fed to summing junctions and is summed with bias of neurons as follows [17, 21, 31] :
Then the sum Y passes through transfer function F which generates an output.
In hidden layer tansig and logsig transfer functions are mostly used. The nonlinear activation function which is widely used, is the sigmoid function whose output lies in between 0 and 1, and it is given as:
When at input or output layer, negative values are found, then the tansig transfer function is used, which is written as:
The performance index of different training algorithm is represented by mean square error (MSE) and it is formulated as:
Selection criteria for optimal ANN model with error analysis
The optimal ANN model, applied to predict the exergetic performance, is based on the criteria of minimum errors of RMSE, and best fit of ANN predicted data with experimental data on the basis of R 2 . The RMSE, R 2 , MRE and COV are formulated as:
Root mean square error: 
Parametric study of experimental results
In the present work, exergetic performance of roughened solar air heater was investigated by conducting experiments to get actual data. The exergetic efficiency, exergy destruction and improvement potential was calculated by Eq. (16) , (11) and (17) respectively for the mass flow rates of air in the range of 0.0235 to 0.0270 kg/s. Fig.5a . shows the variation of exergetic efficiency, exergy destruction and improvement potential with mass flow rate for e/D = 0.014. It has been found that exergy efficiency increases with mass flow rate of air while the values of exergy destruction and improvement potential decrease within the air mass flow rate 0.0235 to 0.0270 kg/s. Fig.5b depicts the effects of mass flow rate on different specifications of wire roughened solar collector on the basis of e/D. It has been seen from Fig.5b that with increase in e/D the exergy efficiency increases .However, the optimum exergetic efficiency has been observed at the highest value of e/D= 0.01714 for roughened solar collector. It has also been found that the minimum exergy destruction is obtained at e/D = 0.0171 for mass flow rate= 0.0270 kg/s and maximum IP is obtained at e/D= 0.014 for mass flow rate of air = 0.0235kg/s.
Development of ANN model
In the present work, the experimental data were taken for six days. From the experiment total 50 sets of data were collected with use of three types of roughened absorber plates. The experimental data sets range is shown in Table 3 . The proposed MLP ANN model is represented in Fig.6 .
The aim of present work is to predict the exergetic performance of artificial roughened solar air heater. The ANN model structured with three layers such as an input layer, hidden layer and output layer. At input layer seven input parameters such as experimental time, mass flow rate of air, absorber plate roughness height, atmospheric temperature, air mean temperature, plate temperature and solar radiation intensity, and in output layer five output parameters such as exergy inlet, exergy outlet, exergy efficiency, exergy destruction and improvement potential are taken [35, 36] . 
Data preparation
In this model 70% sample data are taken for training process and 15-15% data are used for testing and validation process. Feed forward back propagation learning algorithm has been applied for learning of present model. In this model one hidden layer has been chosen.
Before developing the ANN model, the input sample data must be normalized between -1 and 1 for accuracy of prediction. The following equation is used to normalize data between -1 and 1. min max min
Selection of training and transfer function
The three types of training functions are selected which are LM, SCG and CGP learning algorithms. After selecting the training function LEARNGDM, which is adaption learning function is selected. Tansig transfer function is selected for hidden layer and linear function (purelin) for output layer. For training process, 5-7 numbers of neurons have been selected in the hidden layer to predict the output result accurately.
During training period, the training algorithm adjusts the weights and biases iteratively to minimize the error between actual and predicted values of ANN model. The performance of training process of ANN model is measured on the basis of MSE.
ANN simulation
For predicting the exergetic performance of roughened SAH, following steps were adopted in MATLAB ANN simulation: Step1. Selection of input and output parameters for ANN model. 
Using above two formulas, the number of neurons is obtained as 6, so on the basis of trial and error method 5 -7 numbers of neurons have been selected to obtain the optimum number of neurons for best ANN model. The three training algorithms such as TRAINSCG, TRAINCGP and TRAINLM algorithms were used for training process and each model is trained for 50 times. The statistical results of training with 5 to 7 neurons are shown in Table. 4.
The networks were trained on the basis of experimental and calculated data with LM, SCG and CGP training functions and predicted the results. From Table 4 , it is found that at training process the value of RMSE for exergy outlet, exergy inlet, exergy efficiency, improvement potential and exergy destruction are 0.025193, 0.029170, 0.007822, 0.027696 and 0.014971 respectively for LM-7, which is the lowest error among three training functions. Accordingly the values of R 2 are 0.99408, 0.99998, 0.99384, 0.99998 and 0.99999 respectively. The value of RMSE at testing process are 0.011208, 0.016105, 4.83E-03, 0.02432 and 0.013133 respectively, and the value of R 2 are 0.99778, 0.99997, 0.99536, 0.99993 and 0.99997 respectively. LM-7 is the optimum topology due to lowest error of RMSE and higher values of R 2 among different training functions. When TRAINLM with 7 neurons ANN model is trained, then ANN model training process stopped at 51 epoch where 50 cross validation error occurs. At epoch 1 and corresponding to MSE = 0.00084188, the best performance is obtained. The regression plot for TRAINLM with 7 neurons is shown in Fig.7 . The plot exhibits the ANN model from complex relationship of experimental data on the basis of R. It has been found that experimental data of different output parameters matches with the predicted data. The values of R for training, validation, testing and all process are unity which gives a sign of the accurate result.
A comparison of the experimental data with predicted data from ANN model is shown in Fig.8 . The values of R 2 for predicted exergy outlet, exergy inlet, exergy efficiency, improvement potential and exergy destruction are 0.99584, 0.99997, 0.99517, 0.99983 and 0.99997 respectively which are nearer to unity and thus give accurate results. The individual errors are shown in Fig.9. From Fig.9 , it has been found that the errors between actual and ANN predicted data is very small. From Fig.9 , the predicted exergy outlet, exergy inlet, exergy efficiency, improvement potential and exergy destruction most of individual errors are found between ±0.02, ± 0.03, ±0.01, ±0.025 and ±0.025 respectively.
The performance of selected MLP ANN model for exergetic performance of solar air heater is shown in Table 5 
